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Abstract
Background: Unprecedented declines in invasive breast cancer rates occurred in the United
States between 2001 and 2004, particularly for estrogen receptor-positive tumors among non-
Hispanic white women over 50 years. To understand the broader public health import of these
reductions among previously unstudied populations, we utilized the largest available US cancer
registry resource to describe age-adjusted invasive and in situ breast cancer incidence trends for
non-Hispanic white women aged 50 to 74 years overall and by county-level rural/urban and poverty
status.
Methods: We obtained invasive and in situ breast cancer incidence data for the years 1997 to 2004
from 29 population-based cancer registries participating in the North American Association of
Central Cancer Registries resource. Annual age-adjusted rates were examined overall and by rural/
urban and poverty of patients' counties of residence at diagnosis. Joinpoint regression was used to
assess trends by annual quarter of diagnosis.
Results: Between 2001 and 2004, overall invasive breast cancer incidence fell 13.2%, with greater
reductions among women living in urban (-13.8%) versus rural (-7.5%) and low- (-13.0%) or middle-
(-13.8%) versus high- (-9.6%) poverty counties. Most incidence rates peaked around 1999 then
declined after second quarter 2002, although in rural counties, rates decreased monotonically after
1999. Similar but more attenuated patterns were seen for in situ cancers.
Conclusion: Breast cancer rates fell more substantially in urban and low-poverty, affluent counties
than in rural or high-poverty counties. These patterns likely reflect a major influence of reductions
in hormone therapy use after July 2002 but cannot exclude possible effects due to screening
patterns, particularly among rural populations where hormone therapy use was probably less
prevalent.
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Background
Between 2001 and 2004, incidence rates of invasive breast
cancer declined more than 8% in the United States (US),
with the greatest drops observed for estrogen receptor-
positive (ER+) tumors among women aged 50 years and
over [1-8]. Given that breast cancer incidence had
increased continuously since at least the mid-1930s [9],
there has been great scientific and public interest in
explaining these declines, with the following main
hypotheses set forth: (1) widespread discontinuation of
and/or failure to initiate postmenopausal estrogen/pro-
gestin hormone therapy (HT) after the early termination
of the Women's Health Initiative (WHI) HT trial in July
2002, a change which would lower incidence by decreas-
ing the prevalence of a presumed occult tumor promoter
[1,2,5,8,10-15]; (2) the saturation of mammographic
screening programs between 1998 and 2000, as a conse-
quence of reductions in the pool of previously unscreened
women, which would also lower incidence [2,7,16,17];
(3) an acute drop in the number of women receiving
mammograms after 2001, thereby decreasing detection of
early stage tumors to again result in lower incidence [16-
19]; and (4) a combination of (1) to (3). These hypothe-
ses have been discussed in relation to incidence rates over
the past three decades [2,7] and in the context of uni-
formly screened populations [6], but the degree to which
each influenced recent trends still remains unclear.
Since the US does not utilize any comprehensive, linked
health-tracking databases, distinguishing among these
explanations in an attempt to better inform breast cancer
prevention strategies necessarily requires detailed assess-
ment of population-based data by patient demographic
and tumor characteristics. Using the National Cancer
Institute's Surveillance Epidemiology and End Results
(SEER) resource, we and others [1,2] have found that the
incidence reductions were most pronounced for hormone
receptor-positive tumors among non-Hispanic white
women over 50 years of age but were virtually absent
among African-American and women under 50 years at
diagnosis [5,20]. These data underscore the clear variation
in post-WHI incidence trends according to racial/ethnic-,
age-, and tumor characteristic-defined subgroups and gen-
erally support the argument that recent breast cancer
declines stemmed largely from mass HT discontinuation/
non-initiation after second quarter (Q2) 2002 [1,5-7,21].
If declines did in fact result largely from changes in HT,
then it is likely that incidence rates also vary by rural/
urban and poverty status, because HT users were more
likely to have higher education and lower poverty status
than non-HT users [22]. To our knowledge, no studies
have yet described incidence changes in US regions out-
side the SEER program, which are important for under-
standing how rate changes may have affected populations
other than those living in the disproportionately urban
areas included in SEER [23]. To this end, we took advan-
tage of the North American Association of Central Cancer
Registries (NAACCR) database, the largest US resource
allowing for description by annual quarter of diagnosis
and area-based measures of urbanicity and poverty, to
determine how recent incidence changes affected these
communities. With these data, we described age-adjusted
invasive and in situ breast cancer incidence trends overall
and by county-level measures of rural/urban and poverty
status.
Methods
Cancer incidence rates
We obtained all breast cancer incidence data from
NAACCR's research file (Cancer in North America [CINA]
Deluxe for NHIAv2 Origin) for 475,523 cases of invasive
and 111,885 cases of in situ breast cancer (International
Classification of Disease for Oncology, 3rdEdition [ICD-O-3],
sites 50.0–50.9) diagnosed between 1997 and 2004 and
reported to 29 population-based cancer registries. These
registries (Alaska; Atlanta, GA; California; Colorado; Con-
necticut; Detroit, MI; District of Columbia; Florida;
Hawaii; Idaho; Illinois; Iowa; Kentucky; Louisiana;
Maine; Massachusetts; Montana; Nebraska; Nevada; New
Jersey; New Mexico; New York; Ohio; Oregon; Pennsylva-
nia; Rhode Island; South Carolina; Texas; Washington)
were selected, because they (1) met rigorous NAACCR cri-
teria for completeness and quality [24], (2) submitted
data continuously during the period 1997 to 2004, and
(3) actively consented to participate in this analysis. Their
combined catchment areas represented approximately
69% of the total US population during the observation
period. Reported rates were highest in Washington DC,
California, and Hawaii and lowest in Kentucky, Louisi-
ana, and Ohio. Population estimates, based on US Census
data, were obtained for these regions from the National
Cancer Institute.
Because post-WHI breast cancer incidence trends have
been shown to vary by patient race/ethnicity, age, inva-
siveness, and hormone receptor subtype [1-3,5-7,20] we
limited analyses to non-Hispanic white (hereafter referred
to as white) women aged 50 to 74 years. Women in this
racial/ethnic age group were selected since they experi-
enced larger incidence declines after 2002 [1,2,7] than
women of other races/ethnicities and ages and are rela-
tively homogenous with respect to menopausal status, HT
use, regularity of mammographic screening, and other
breast cancer risk factors (for example, familial risk) [25].
We examined incidence rates separately for invasive and
in situ breast tumors but could not assess trends by tumor
hormone receptor or HER2/neu status, as this informa-
tion was not collected by most participating registries.BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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Rates were then stratified by two characteristics of
patients' counties of residence at the time of diagnosis:
rural/urban status and percentage of the population living
under the federal poverty level (FPL). Rural/urban codes
were assigned according to the 2003 US Department of
Agriculture nine-point rural/urban codification scheme,
which distinguishes counties by population size, degree of
urbanization, and adjacency to a metropolitan area [26].
We further categorized rural/urban status as: (1) urban
(2003 rural/urban continuum codes 1, 2, 3: counties in
metropolitan areas of 1 million population or more,
counties in metro areas of 250,000 to 1 million popula-
tion, counties in metro areas of fewer than 250,000 pop-
ulation); (2) suburban (2003 rural/urban continuum
codes 4, 5, 6: urban population of 20,000 or more adja-
cent to a metropolitan area, urban population of 20,000
or more not adjacent to a metropolitan area, urban popu-
lation of 2,500 to 19,999 adjacent to a metropolitan area);
or (3) rural (2003 rural/urban continuum codes 7, 8, 9:
urban population of 2,500 to 19,999 not adjacent to a
metropolitan area, completely rural or less than 2,500
urban population adjacent to a metropolitan area, com-
pletely rural or less than 2,500 urban population not adja-
cent to a metropolitan area). Poverty was categorized into
three levels: (1) low (<5.0% and 5.0 to 9.9% of popula-
tion below FPL); (2) middle (10.0 to 19.9% of population
below FPL); or (3) high (20.0+% of population below
FPL). The percentage of the total county population below
the FPL, obtained through linkage with the US Census
Bureau [27], has been shown previously to correlate well
with other measures of economic deprivation including
educational attainment, unemployment rate, and occupa-
tional composition [28]. A total of 137 cases of invasive
and 37 cases of in situ breast cancer with unknown or
missing counties of residence at diagnosis were excluded
from these assessments.
We used SEER*Stat version 6.3.6 (National Cancer Insti-
tute, Bethesda, MD, USA) to calculate annual and quar-
terly incidence rates per 100,000 person-years (unless
otherwise noted) and corresponding 95% confidence
intervals (CI). All rates were age-adjusted to the 2000 US
standard and were compared statistically by calculating
the difference between 2001 and 2004 rates, dividing by
the standard error of the difference, and testing this
number for a statistically significant difference from zero
using the standard normal distribution [29]. Tests of sta-
tistical significance assumed a two-sided P value of 0.05.
To further characterize incidence patterns, we assessed
quarterly rate trends using Joinpoint, version 3.0
(National Cancer Institute, Bethesda, MD, USA), which
identifies significant changes in overall trends by fitting a
series of linear regression functions based on a Monte
Carlo permutation method [30]. Quarterly, rather than
annual, rates were subjected to Joinpoint analysis to pro-
vide more points for regression as well as to identify more
precisely the timing of rate changes. All data were plotted
on a semi-logarithmic scale to aid visual assessment of
slope differences [31]. NAACCR Institutional Review
Board approved this project, and the Scientific Editorial
Board approved the final manuscript.
Results
Table 1 shows characteristics of the study patients and
their tumors. Higher proportions of women diagnosed
with breast cancer resided in urban than rural and low- or
middle- than high-poverty counties, irrespective of inva-
sive status.
Annual incidence rate changes
Figure 1 documents incidence trends according to tumor
invasive status. Overall patterns of invasive breast cancer
were comparable among women living in both urban and
suburban counties but differed for women in rural coun-
ties (Figure 2). Although well-differentiated in previous
years, county poverty level-specific rates of invasive
tumors converged after 2002 (Figure 3A).
Overall changes between 2001 and 2004
To be comparable with prior reports [1,2,20] describing
rate drops between the years 2001 and 2004, we calcu-
lated absolute and relative incidence changes over this
same time period (Table 2). For invasive cancers, overall
rates fell 13.2%. Moreover, while rural and high poverty
counties consistently reported lower incidence rates,
changes were greater for urban (13.8%) and low (13.0%)
or middle (13.8%) poverty counties. Most reductions
were statistically significant (P < 0.05). Incidence of in situ
cancers also declined by 4.8%.
Joinpoint regression analysis
Joinpoint regression analysis by annual quarter of diagno-
sis allowed for more detailed investigation of recent breast
cancer patterns (Table 3). Four trends were detected for all
invasive tumors and among women living in urban, low-
, and middle-poverty counties: an incidence increase, sta-
bilization, sharp but statistically non-significant decrease,
followed by a second stabilization. The most rapid
declines in these groups occurred between Q2 2002 and
Q1 2003, whereas more gradual decreases began between
Q2 1998 and Q1 1999 among women living in rural and
high-poverty counties.
Discussion
Using the largest US population-based cancer incidence
resource available, we observed that substantial reduc-
tions in invasive breast cancer during the period 2001 to
2004 were more pronounced for women living in urban
and low-poverty compared with other areas. Breast cancer
incidence trends for rural counties, which peaked in 1999BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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and then declined steadily, differed from those observed
in urban counties, where rates fell most dramatically after
2002. Similar but more attenuated patterns were seen for
in situ cancers.
These data further inform the main hypotheses proposed
thus far to explain recent breast cancer trends. Proportion-
ately larger incidence drops among women living in
urban and suburban than rural counties are consistent
with changing patterns of HT prevalence and cessation or
non-initiation but cannot rule out a possible influence of
mammography saturation in rural areas. Similar to prior
reports [1,2,5-7], urban and suburban trends for invasive
breast cancer track temporally to nationwide HT prescrip-
tion patterns, which increased until 1999, peaking at 92
million prescriptions/year, then plateaued after the
release of null results regarding cardioprotection from the
Heart Estrogen/Progestin Replacement Study (HERS) and
unfavorable preliminary findings from the WHI [10,32-
34]. Prevalence of HT plummeted by 37% to 72%, imme-
diately following the highly publicized July 2002 termina-
tion of the WHI estrogen/progestin arm in which the
experimental group was found to have higher risk of
breast cancer than controls [10,11,13,14,32,35]. Haas et
al. reported that the number of newspaper articles about
the harmful effects of HT found in the WHI trial correlated
with urban residence and likelihood of HT cessation/non-
initiation; women in urban areas (for example, San Fran-
cisco/Bay Area) were potentially exposed to more newspa-
per articles and had a larger decline in the prevalence of
HT use than women in more rural areas (for example, Ver-
mont and New Mexico) [36]. Additionally, among white
California Health Interview Survey (CHIS) respondents
aged 50 to 74, current estrogen/progestin HT use dropped
more than twice as much in urban versus rural counties
between 2001 and 2003 (urban: 9.1% decline from
26.5% in 2001 to 17.4% in 2003; rural: 4.4% decline
from 22.1% in 2001 to 17.7% in 2003) [37]. Because cur-
rent or recent HT use appears to increase risk of invasive
but not in situ breast cancers [38,39], the impact of wide-
spread HT discontinuation/non-initiation should be
more evident for invasive than in situ tumors, as observed
in urban and suburban counties. Thus, our assessment of
annual and quarterly trends demonstrates that the sharp-
est declines in invasive tumor rates among populations
with the largest proportions of former HT users coincided
specifically with the WHI announcement in 2002 and
provides additional evidence of the correlation between
population HT patterns and population breast cancer pat-
terns.
Saturation of or decreases in mammographic screening
would be expected to influence incidence trends for in situ
tumors, which are not palpable and therefore, must be
detected radiographically. In California, reductions in the
proportions of women reporting biannual mammograms
between 2001 and 2003 were apparent and slight in both
urban and rural counties (urban: -1.4%, 86.1% in 2001 to
84.7% in 2003; rural: -0.6%, 84.1% in 2001 to 83.5% in
2003) [37]. These changes do not seem large enough to
explain entirely the breast cancer drops and did not occur
selectively among former HT users, which hypothetically
Table 1: Characteristics of invasive and in situ breast cancer cases among non-Hispanic white women aged 50 to 74 years, 1997 to 2004 
(NAACCR, CINA Deluxe).
Invasive
(n = 651,395)
In situ
(n = 145,216)
Characteristic n % n %
Rural/urban status
Urban 407,202 85.7 98,473 88.0
Suburban 52,304 11.0 10,341 9.2
Rural 15,891 3.3 3,035 2.7
County poverty level
Low-poverty counties (<10% below FPL) 191,562 40.3 49,449 44.2
Middle-poverty counties (10 to19.9% below FPL) 256,910 54.0 56,716 50.7
High-poverty counties (20+% below FPL) 26,925 5.7 5,684 5.1
FPL = federal poverty level.BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by invasive status and year Figure 1
Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by invasive status and year. (a) 
Trends for invasive breast cancer. (b) Trends for in situ breast cancer. All rates are age-adjusted to the 2000 US standard 
(NAACCR, CINA Deluxe).BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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could cause disproportionately large incidence drops
[40]. More sustained declines in mammography could
have impacted the rates among women living in rural
counties, especially in light of their lower levels of HT uti-
lization and the disparate drops in invasive relative to in
situ breast cancer incidence observed here for rural versus
urban/suburban populations.
We did not observe major differences in invasive breast
cancer incidence trends by poverty level, perhaps because
the county-level measure did not differentiate breast can-
cer rates well among categories. Smaller area-level meas-
ures (for example, census tract) could not be used, since
NAACCR's aggregated, multi-registry data file does not
include incidence data for such geographic regions. Some
authors have reported more modest socioeconomic gradi-
ents in breast cancer incidence among white than non-
white women [41]. Several studies have documented sig-
nificant associations between HT use and individual-level
markers of socioeconomic status such as education or per-
sonal income [22,42,43], but it remains unclear whether
post-WHI HT utilization declined uniformly across all
poverty levels. At least one study found equivalent drops
[22], whereas California women with incomes 300% or
more above the FPL reported considerably larger
decreases in estrogen/progestin HT use (-9.8% decline
from 29.6% in 2001 to 19.8% in 2003) than women
below the FPL, among whom rates were stable (0.5%
increase from 11.3% in 2001 to 11.8% in 2003) [37].
Regardless, the absolute number of women who stopped
or did not initiate HT after 2002 was more substantial for
low- versus high-poverty populations, a fact which is
likely related to the marked drops in breast cancer rates in
those areas. National mammographic screening patterns
Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by county rural/urban status and year Figure 2
Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by county rural/urban status 
and year. (a) Trends for invasive breast cancer. (b) Trends for in situ breast cancer. All rates are age-adjusted to the 2000 US 
standard (NAACCR, CINA Deluxe).BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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among white women aged 50 to 64 years were similar for
all poverty levels with the percentage of screened women
plateauing between 1998 and 1999 then declining after
2000 [16,19,37].
Other hypotheses set forth to explain breast cancer
declines are incompatible with the trends reported in this
analysis. Incidence reductions could have resulted from
increases in the use of chemopreventive or other pharma-
ceuticals (for example, tamoxifen, raloxifene, nonsteroi-
dal anti-inflammatory medications, and statins) thought
to protect against breast cancer [1,19,44] or from changes
in relevant lifestyle risk factors such as the percentage of
overweight and obese individuals, number of alcoholic
beverages consumed, or level of physical activity [45].
Improved detection of in situ tumors over the last two dec-
ades could also cause decreases in invasive cancers, if in
situ lesions are precursors of invasive disease [44,46]. Nev-
ertheless, because these processes are continuous and
long-term [19,44] they are unlikely to account for the
rapid incidence drops seen over a two-year period in the
early 2000s.
Although this analysis employed data from the largest
population-based cancer incidence resource in the US,
including up to 60% more of the country's population
than prior reports and allowing for evaluation of robust
trends by annual quarter of diagnosis among multiple
demographic groups, it has several important limitations.
First, cancer registries generally do not collect individual-
level socioeconomic information, which would supple-
ment area-level data to help interpret trends by rural/
urban and poverty status. Prior studies suggest that area-
level patterns are generally consistent with but underesti-
Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by county poverty level and year Figure 3
Breast cancer incidence among non-Hispanic white women aged 50 to 74 years by county poverty level and 
year. (a) Trends for invasive breast cancer. (b) Trends for in situ breast cancer. All rates are age-adjusted to the 2000 US 
standard (NAACCR, CINA Deluxe).BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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Table 2: Absolute and relative percent changes in invasive and in situ breast cancer rates among non-Hispanic white women aged 50 to 
74 years by county rural/urban and poverty status for the years 2001 and 2004 (NAACCR, CINA Deluxe).
2001 rate (95% CI) 2004 rate (95% CI) Absolute change (95% CI) Relative change P value for difference
Invasive
Overall 366.7 (363.8 to 369.6) 318.4 (315.8 to 321.0) -48.3 (-52.19 to -44.41) -13.2% <0.001
Rural/urban status
Urban 375.1 (371.9 to 378.3) 323.5 (320.6 to 326.4) -51.6 (-55.9 to -47.3) -13.8% <0.001
Suburban 327.9 (320.1 to 335.8) 292.9 (285.7 to 300.2) -35 (-45.7 to -24.3) -10.7% <0.001
Rural 306.2 (292.9 to 320.1) 283.1 (270.5 to 295.1) -23.1 (-41.6 to -4.5) -7.5% 0.02
County poverty level
Low-poverty counties 
(<10% below FPL)
370.4 (365.8 to 375.1) 322.4 (318.2 to 326.6) -48 (-54.3 to -41.8) -13.0% <0.001
Middle-poverty counties 
(10 to 19.9% below FPL)
367.0 (363.1 to 371.0) 316.5 (312.9 to 320.1) -50.5 (-55.8 to -45.2) -13.8% <0.001
High-poverty counties 
(20+% below FPL)
337.6 (326.2 to 349.2) 305.1 (294.5 to 316.1) -32.5 (-48.2 to -16.8) -9.6% <0.001
In situ
Overall 89.0 (87.6 to 90.4) 84.7 (83.3, 86.1) -4.3 (-6.2 to -2.4) -4.8% <0.001
Rural/urban status
Urban 93.2 (91.6 to 94.8) 88.1 (86.5 to 89.6) -5.1 (-7.3 to -2.9) -5.5% <0.001
Suburban 67.5 (64.0 to 71.2) 68.7 (65.2 to 72.3) +1.2 (-3.8 to +6.2) +1.7% 0.6
Rural 64.3 (58.2 to 70.8) 59.1 (53.4 to 65.2) -5.2 (-13.8 to +3.4) -8.1% 0.2
County poverty level
Low-poverty counties 
(<10% below FPL)
97.4 (95.1 to 99.8) 93.9 (91.6 to 96.1) -3.5 (-6.7 to -0.3) -3.6% 0.03
Middle-poverty counties 
(10 to 19.9% below FPL)
84.0 (82.2 to 86.0) 78.9 (77.1 to 80.7) -5.1 (-7.7 to -2.5) -6.1% <0.001
High-poverty counties 
(20+% below FPL)
76.5 (71.1 to 82.2) 72.6 (67.4 to 78.0) -3.9 (-11.5 to +3.7) -5.1% 0.3
CI = confidence interval; FPL = federal poverty levelBMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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Table 3: Results from Joinpoint regressions for invasive and in situ breast cancer among non-Hispanic white women aged 50 to 74 years 
by county rural/urban and poverty status, 1997 to 2004 (NAACCR, CINA Deluxe).
Trend time period Quarterly % change 95% CI
Invasive
Overall Q1 1997 to Q2 1998 +1.2 +0.04 to +2.4
Q2 1998 to Q2 2002 -0.2 -0.4 to +0.1
Q2 2002 to Q1 2003 -3.6 -8.5 to +1.6
Q1 2003 to Q4 2004 -0.4 -1.1 to +0.4
Rural/urban status
Urban Q1 1997 to Q2 1998 +1.2 +0.04 to +2.4
Q2 1998 to Q2 2002 -0.2 -0.2 to +0.1
Q2 2002 to Q1 2003 -3.9% -9.1 to +1.6
Q1 2003 to Q4 2004 -0.4 -1.1 to +0.4
Suburban Q1 1997 to Q1 2000 +0.6 -0.02 to +1.2
Q1 2000 to Q4 2004 -0.8 -1.1 to -0.5
Rural Q1 1997 to Q4 1999 +0.7 -0.1 to +1.5
Q1 1999 to Q4 2004 -0.8 -1.1 to -0.5
County Poverty Level
Low-poverty counties (<10% below FPL) Q1 1997 to Q2 1998 +1.5 -0.2 to +3.2
Q2 1998 to Q1 2003 -0.3 -0.6 to +0.1
Q2 2002 to Q1 2003 -3.6 -10.2 to +3.3
Q1 2003 to Q4 2004 -0.3 -1.2 to +0.8
Middle-poverty counties (10 to 19.9% below FPL) Q1 1997 to Q1 1999 +0.6 +0.1 to +1.2
Q1 1999 to Q2 2002 -0.2 -0.5 to +0.1
Q2 2002 to Q1 2003 -3.8 -8.8 to +1.5
Q1 2003 to Q4 2004 -0.4 -1.1 to +0.3
High-poverty counties (20+% below FPL) Q1 1997 to Q2 1998 +1.5 -0.7 to +3.7
Q2 1998 to Q4 2004 -0.7 -0.9 to -0.5
In situ
Overall Q1 1997 to Q2 1999 +2.5 +1.8 to +3.1BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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mate individual-level trends and more accurately reflect
economic deprivation of a geographic region than of an
individual. These two characteristics may be linked to one
another, as residents of high-poverty areas are more likely
to be poor or vice versa [27,28,47-50]. Area measures were
only available at the county level and not for smaller, pos-
sibly more homogeneous, geographic designations. The
size of counties varies considerably across the US [28]. To
better understand the impact of including large counties
for which area categorizations likely represented average
values, we repeated analyses to exclude 21 US counties
with 2000 Census populations of white women exceeding
1 million but saw no substantial change in observed
trends (data not shown). Second, incidence rates were not
adjusted for possible delays in reporting. However, a
recent analysis by Jemal et al. found that such adjustments
had little effect on breast cancer declines or other patterns
[2]. Third, we were unable to stratify rates by gene expres-
sion-defined subtypes (for example, basal-like, luminal A)
or hormone receptor status [51] because these characteris-
tics are not available in the NAACCR database. Approxi-
mately 50 to 60% of all breast cancers are estimated to be
hormone receptor-positive, and 30 to 35% receptor-nega-
tive [51]. Considering that the recent declines were most
marked for hormone receptor-positive cancers, it is likely
that regional differences would be greater for these sub-
types. Finally, the detailed county-level HT and mammog-
raphy utilization data used to help contextualize some of
our findings were available for only California and not
women nationwide; this information may not be repre-
sentative of our entire study population, particularly with
respect to rural and high-poverty groups.
Q2 1999 to Q4 2001 +0.4 -0.2 to +1.1
Q4 2001 to Q4 2004 -0.6 -1.0 to -0.2
Rural/urban status
Urban Q1 1997 to Q2 1999 +2.3 +1.5 to +3.1
Q2 1999 to Q4 2001 +0.4 -0.2 to +1.1
Q4 2001 to Q4 2004 -0.7 1.1 to -0.3
Suburban Q1 1997 to Q3 1999 +3.6 +2.0 to +5.2
Q3 1999 to Q4 2004 -0.01 -0.4 to +0.4
Rural Q1 1997 to Q2 2000 +2.8 +1.0 to +4.6
Q2 2000 to Q4 2004 -0.1 -1.0 to +0.8
County poverty level
Low-poverty counties (<10% below FPL) Q1 1997 to Q2 1998 +3.2 +2.0% to +4.5
Q2 1998 to Q1 2002 +0.4 -0.04 to +0.8
Q1 2002 to Q1 2004 -1.0 -1.9 to -0.2
Q1 2004 to Q4 2004 +5.0 -2.5 to +13.2
Middle-poverty counties (10 to 19.9% below FPL) Q1 1997 to Q1 2000 +2.1 +1.6 to +2.7
Q1 2000 to Q4 2004 -0.0.3 -0.6 to -0.3
High-poverty counties (20+% below FPL) Q1 1997 to Q4 1998 +4.9 +0.9 to +9.1
Q4 1998 to Q4 2004 -0.04 -0.6 to +0.5
CI = confidence interval; FPL = federal poverty level; Q = quarter
Table 3: Results from Joinpoint regressions for invasive and in situ breast cancer among non-Hispanic white women aged 50 to 74 years 
by county rural/urban and poverty status, 1997 to 2004 (NAACCR, CINA Deluxe). (Continued)BMC Medicine 2009, 7:31 http://www.biomedcentral.com/1741-7015/7/31
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Conclusion
Our findings that US breast cancer incidence rate declines
among white women aged 50 to 74 years were more pro-
nounced for invasive than in situ tumors in urban and
low-poverty compared with rural and high-poverty coun-
ties are consistent with prior analyses confirming hetero-
geneity in breast cancer trends by age, race/ethnicity, and
tumor subtype [1-3,6,7]. These results further support an
influence of population-level HT utilization patterns on
population-level breast cancer incidence patterns. Identi-
fying the specific subgroups most affected by the natural
experiment that occurred when US women stopped HT en
masse in 2002 remains important for understanding the
future burden of breast cancer in populations relevant to
epidemiology and health planning. Future investigations
should seek to clarify further the possible impact of mam-
mographic screening changes or other factors on recent
breast cancer incidence, as this study was unable to rule
them out.
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